C
ross sectional studies have shown a lower prevalence of asthma, 1 asthma-like symptoms, 1 and bronchial responsiveness 2 in early adult life compared with late childhood. This finding would be expected if remission of symptoms exceeded the incidence of symptoms in older subjects or if the cumulative incidence of symptoms was greater in younger cohorts. Observation of a single cohort over time allows a detailed description of the natural history of disease with aging, with no confounding by differences in cumulative incidence between cohorts.
A comparison of data collected by longitudinal studies is hampered by the lack of a standardised methodology, with varying definitions of asthma being used, different age groups being studied, and variation in the statistical analyses adopted to generate results. Most of these studies have calculated incidence and remission rates, each of which is overestimated in the presence of reporting error. Robust external or ancillary information on the reliability of the measuring instrument is required to present unbiased estimates, 3 4 and such information is rarely available. Our knowledge and understanding of the epidemiology of asthma within populations as they age is therefore very limited.
We present results from an international longitudinal study of asthma symptoms in which all participating centres adopted a common protocol for subject recruitment and symptom measurement. We report net change in the symptoms of asthma and hay fever in the cohort, and investigate the heterogeneity of change across centres and its relation to age and sex.
METHODS

Study subjects
In ECRHS I participating centres were each selected as an area defined by pre-existing administrative boundaries with a population of at least 150 000 people. 5 Where possible an up to date sampling frame was used to select randomly at least 1500 men and 1500 women aged 20-44 years. In stage 1 subjects were sent a questionnaire enquiring about respiratory symptoms and attacks of asthma in the last 12 months, current use of asthma medication, and nasal allergies including hay fever. A random sample of subjects was selected to take part in stage 2. Those who had already responded to stage 1 were invited to answer a more detailed administered questionnaire and to take part in blood tests, assessment of lung function by spirometry, and airway challenge with methacholine. Participants were divided into age groups according to age at ECRHS I stage 1 (20-24 years, 25-34 years, and 35 years or older).
Study design
Most of the centres that participated in ECRHS I stage 2 have taken part in ECRHS II. 6 Participants in ECRHS I who responded to stage 2, defined as those who provided at least data on smoking at stage 2, were eligible for ECRHS II. Only participants selected for the random sample in ECRHS I are included. Four centres (in Gemany, The Netherlands and the USA) were not able to follow up the whole of the eligible sample and selected a representative subsample. Follow up took place from 1998 to 2002.
The stage 1 questionnaire, shown in Appendix 1, was identical in the two surveys. Like ECRHS I, ECRHS II had two stages but all symptom data were taken from the stage 1 questionnaires for the two surveys.
Analysis of data
Absolute change in symptom status per year of follow up was estimated using population averaged generalised estimating equations for a binomial outcome with identity link, with participants identified as the clustering factor and length of follow up as an independent variable, using Stata. 7 Differences by sex or between age groups were considered statistically significant when p,0.01. Estimates by centre were examined for heterogeneity and combined using random effects meta-analysis. 8 Results are expressed as net change per 10 years of follow up. The net change in the prevalence of symptoms is shown in table 2, and also the prevalence at ECRHS I. The prevalence of symptoms at ECRHS II is not shown because of the variable length of follow up. The net changes in wheeze with breathlessness (Q1.1), nocturnal shortness of breath (Q3), There was no evidence for any overall net change in nocturnal tightness in the chest (Q2), but net change varied between centres (p = 0.003) with some showing a net increase and others a net decrease. There was no overall net change in wheeze without a cold (Q1.2) but there was weak evidence for heterogeneity (p = 0.029).
RESULTS
Twenty
Overall, there was an increase in the prevalence of asthma attacks in the last 12 months (Q5) (p = 0.011). The net changes were not consistent between centres (heterogeneity p = 0.006). This was largely, but not entirely, due to a decrease in Turin (fig 1) . Including Turin, there was an overall net increase of 0.8% in the population reporting attacks of asthma (95% CI 0.2 to 1.4), table 2. There was a net increase of 2.1% (95% CI 1.6 to 2.6) of the population taking medication for asthma (Q6) which did not show heterogeneity between centres (p = 0.29). When the responses to these two questions were combined (''diagnosed asthma''), the net increase was 2.2% (95% CI 1.6 to 2.9). Reported ''nasal allergies including hay fever'' (Q7) showed a net increase (p,0.001); no heterogeneity was detected between centres. Table 3 shows the net change for men and women separately. There was weak evidence for a greater change in ''diagnosed asthma'' in women than in men (p = 0.041) but, in view of the large number of comparisons and chosen criterion for significance, this may be a chance finding. No other difference in net change was close to statistical significance. In table 4 the results are stratified by age group. There was strong evidence for a difference in net change in reported ''nasal allergies including hay fever'' by age (p = 0.005), with the group aged 20-24 years having a greater net increase than the older groups. There was weak evidence for a difference in nocturnal chest tightness (Q2, p = 0.025) with a greater net increase in the youngest age group.
There was little net change in ''untreated asthma'' (those reporting asthma attacks but no use of medication), a net increase of 0.2% (95% CI 20.1 to 0.5) per 10 years (p = 0.26), although there was some evidence (p = 0.012) for an increase in women (0.6% (95% CI 0.1 to 1.0) per 10 years) but not in men (20.3% (95% CI 20.7 to 0.2).
DISCUSSION
This first multicentre international comparison has shown net increases in reported asthma attacks and use of asthma medication in a cohort of young adults studied an average of eight years apart during the 1990s. However, there was no corresponding change in the 12 month period prevalence of wheeze, chest tightness, or waking with breathlessness or with cough, each of which are symptoms that clinicians would recognise as being related to asthma. An increase in reported nasal allergies was observed that was independent of sex but was greater in the youngest age group.
The assessment of symptoms in epidemiological studies and, to a lesser degree, in the clinical setting is not free from measurement error. 9 In longitudinal studies this error at baseline and follow up leads to biased estimates of incidence or remission. For this reason we reported the net change in symptom status in the ECRHS as a less misleading description of natural history, even though clinicians may prefer to see information that indicates the rate at which previously disease free subjects become symptomatic (incidence) and the rate at which diseased people become asymptomatic (remission). Our results clearly indicate that, while there was no evidence for either an increase or decrease in the proportion of subjects reporting symptoms suggestive of asthma, there are increases in the proportion of participants reporting an asthma attack in the previous 12 months and Increase in asthma attacks (%) in the last 12 months per 10 years Figure 1 Net change in asthma attacks in last 12 months (with 95% confidence interval) by centre. The area of each square is proportional to the reciprocal of the variance of the estimate for the centre. The combined random effects estimate is shown by the dashed line, the diamond having the width of its 95% confidence interval.
large increases in the use of medication for asthma. This pattern was observed in most but not all centres.
Although there was some evidence of participation bias, we do not think this explains our findings. Looking at responders to ECRHS II as a whole, there was no evidence of greater participation in ECRHS II by those reporting asthma attacks in ECRHS I. The prevalence of asthma attacks at ECRHS I in those selected for the random sample, but not participating in ECRHS II, was 3.4% as in responders (table 2) . Examination of this centre by centre showed that, in Montpellier, Paris and Turin, responders to ECRHS II reported significantly more asthma attacks in ECRHS I than non-responders (6.0% v 3.3%, 6.1% v 3.6%, 8.0% v 3.5%, respectively) and in Geleen significantly less (0.8% v 3.2%). As shown in fig 1, Turin is an outlier in respect of change in ''asthma'', showing a net decrease of 8.0% in ''asthma'' compared with an overall increase of 0.8%, but it is unlikely that this large deviation is explained by the difference in participation.
The observed changes might be expected if at follow up subjects with disease were more likely to interpret and report their symptoms as ''asthma attacks'' and to be treated with effective asthma therapies, or if changes in diagnostic threshold have led to people with mild disease being more likely to be diagnosed and treated for asthma. This may have occurred because the cohort was older (aging effects) or because there were substantial changes in the diagnosis and management of asthma in the communities during the 1990s (period effects), or because of a combination of both aging and period effects.
Health service consultation rates are in general higher in older age groups and, even if the primary reason for a consultation is unrelated to respiratory symptoms, it may lead to increased opportunities for physicians to assess respiratory status and diagnose asthma. Alternatively, as people age they may be less likely to tolerate symptoms and more likely to seek diagnosis and treatment for relatively mild disease. There is some work to suggest that this is not the case and that perception of bronchoconstriction decreases with age. 10 However, this hypothesis clearly warrants further investigation and, within the ECRHS II, information has been collected on markers of disease severity and on types and dosages of medication used from subjects who agreed to take part in an extended interview. These data are not available for all the subjects included in this analysis but information on an additional non-random sample of subjects symptomatic at baseline will be available.
Since the 1980s doctors have been encouraged to diagnose wheezy illness as asthma and to treat it. 11 Some repeated cross sectional surveys have shown that the prevalence of reported ''asthma'' has increased more rapidly than the increase in reported symptoms. [12] [13] [14] Two cross sectional studies of adults aged 20-44 years had a design the same as or close to that of ECRHS I. One of these found no change in the prevalence of asthma attacks but a decrease in shortness of breath, 15 while the other showed varying increases in reported symptoms and diagnosed asthma but a decrease in bronchial responsiveness. 16 A cohort study which also reported net change found greater increases in symptoms (especially wheeze) than in doctor diagnosed asthma, although participants were aged up to 70 years. 17 While our method of analysis precludes estimation of remission and incidence separately, we are able to identify differences in change between subgroups. Within our cohort there was no evidence of differences in asthma symptoms, asthma diagnosis, or asthma treatment between men and women or between different age groups. Much of the reported literature has suggested an increased ''incidence'' in adult women compared with men, [18] [19] [20] [21] and there was weak Table 4 Net change in asthma symptoms and medication per 10 years of follow up by age group, estimated by generalised estimating equations evidence of a greater net change in ''diagnosed asthma'' in women (p = 0.041) although not in asthma attacks or medication alone. We have shown that there is a greater net increase in reported nasal allergies in the youngest age group than in the other age groups. In a single longitudinal study it is not possible to be certain whether such an observation is explained by biological changes occurring at particular ages or by factors occurring earlier in life that make this younger cohort more susceptible to the development of disease. However, the differences in net change between age groups-with the youngest age group showing three times that of the oldest age group-are large in relation to the differences in prevalence at baseline (26% in the youngest age group and 24% in the oldest age group), which suggests a possible cohort effect on incidence. Two longitudinal studies each found an age related increase in positive skin prick tests over time with the greatest increase in young adults, 22 23 but one study showed no corresponding age related change in total IgE. 22 No other age related association with change was detected in the ECRHS.
In summary, we have shown that populations of young adults reported greater use of asthma medication and more asthma attacks as they aged during the 1990s. Surprisingly, these same populations reported no associated change in respiratory symptoms suggestive of asthma. This mismatch may be explained by age or period effects in the diagnosis and management of asthma that has led to increased labelling of mild disease or by increased use of medication in these populations. Increases in hay fever and nasal allergies were also observed with much greater changes being seen in the younger cohorts. 
